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INTRODUCTION AND BACKGROUND 


The Metal Removal Working Group was formally established by DARCOM in 
1976. At that time, several observations could be made concerning the 
Army's Manufacturing Technology Program. During the 1960's the Army had 
pursued proportionately more work in the area of metal removal and spon- 
sored considerable work in establishing applications for numerically con- 
trolled machine tools. In the 19/70's this work expanded to include the 
application of numerical control to processes other than metal removal, 
computer-aided manufacturing became the technology of interest, and there 
was a corresponding reduction in the funding of efforts undertaken to 
improve metal removal operations. At the same time, net and near net 
shape processes were being emphasized, thereby contributing further to 
the downward pressure on metal removal funding levels. 


By 1977, only three percent of the total Manufacturing Technology 
Program was being directed toward metal removal technology and it had 
become clear that a forum was needed to focus attention upon the low 
level of Manufacturing Technology associated with metal removal processes 
and to coordinate the DARCOM Metal Removal Program. The Metal Removal 
Working Group was therefore established to coordinate metalcutting activ~ 
ities at the operational level and serve as a means of exchanging infor- 
mation among Army activities relative to metalcutting efforts, to 
identify significant metalcutting problems, to recommend metalcutting 
efforts with high potential payoff, and to provide long range plans for 
the development of metalcutting technology. 


1983 ACCOMPLISHMENTS AND 1984 PLANS 


Activities of the DARCOM Metal Removal Working Group for 1983 may be 
Summarized as follows: 


O 


Developed plans for an End-of-Project Presentation for TACOM MMT 
Project 4XX 5090 - Improved and Cost Effective Machining 
Technology. 


Developed plans for presentation of Kennametal's standarization 
Program at the Aviation Systems Command, Rock Island Arsenal, and 
Watervliet Arsenal. 


Solicited article describing Kennametal's standardization Program 
for January 1984 issue of Manufacturing Technology Bulletin. 


Sponsored briefing by Metcut concerning their unsolicited proposal 
~ Centralized Machining Technology Data Base. 


Completed evaluation of Metcut's unsolicited proposal and provided 
a negative response to Metcut. 


Completed evaluation of Bergman, Inc. unsolicited proposal - 
Bergman Vertical Machine System - and provided a negative response 
to Bergman. 


Reviewed Lawrence Livermore National Laboratory's proposal for a 
CNC Machine Tool Tester. 


Developed plans for 1983 MRWG annual meeting, to include 
attendance at the final review of the Advanced Machining Research 
Program, the end-of-contract debriefing for Air Force MMT Project, 
“Production Machinability Data and Data Base Program,” and a 
Kennametal “Standardization Program” presentation. 


Metal Removal Working Group plans for 1984 include the following: 


O 


Assist in developing an agenda and obtaining speakers for a Metal 
Removal Conference to be sponsored by the Metals Subcommittee of 
MTAG. 


Develop a forum for the exchange of information with the National 
Bureau of Standards and become familiar with NBS's Automated 
Manufacturing Research Facility. 


Revise and resubmit DARCOM-R 15-21 to DRCMT for staffing and 
publication. 


Develop plans for a MRWG meeting to be held in conjunction with 
the end-of-project presentation for TACOM MMT project 4XX 5082, 
"Flexible Machining System, Pilot Line for TCV Components.” 


Develop plans for a MRWG meeting to be held in November 1984 in 
order to provide for an in-depth review of each command and 
arsenal's metal removal program by the individual MRWG members. 


Develop plans for the assignment of a MRWG member to one or more 
technical councils of the Society of Manufacturing Engineers in 
order to provide feedback to the membership relative to metal 
removal related technologies. 


ANALYSIS OF METAL REMOVAL MMT PROGRAM 


In order to facilitate review and analysis of the metal removal pro- 
gram, projects were categorized using a thrust area scheme developed by 
the Metals Subcommittee of the Manufacturing Technology Advisory Group, 
shown in Figure 1. As can be seen from Figure 1, this thrust area scheme 
represents a pictorial overview of the technologies associated with the 
metal removal program. It was used to provide a basis for discussions of 
the metal removal program and for the development of recommendations for 
future technologies to be pursued in the metal removal MMT program. 


Figure 2, “Overview of Total Army and Metal Removal MMT Progran,” 
shows funding for the total MMT program and for metal removal related 
projects from FY70 through FY85. For each of these years, the metal 
removal program is also depicted as a percentage of the total Army MMT 
program. As can be seen from Figure 2, the funding for metal removal 
projects was maintained at a fairly low level from FY70 to FY78, averag- 
ing approximately $750,000 per year - slightly over one percent of total 
Army MMT program for those years. Since FY79, funding for metal removal 
related projects has averaged approximately six million dollars ~- seven 
and one-half percent of the total Army MMT program for those years. 
Expressed as a percentage of the total MMT program, metal removal related 
project funding peaked at 18.9 percent in FY83. Based upon current 
planning data, it is projected to be five and one-half percent of the 
total MMT program for FY84 and FY85. 


Figure 3, “Metal Removal Thrust Area Summary,” shows the funding 
levels for the major thrust areas associated with the metal removal pro- 
gram. It has been divided into three sections in order to show data for 
completed, active, and planned projects. 


As can be seen in Figure 3, 38 percent of all metal removal projects 
planned or funded since FY70 are currently active, on the basis of dol- 
lars, with 27 percent of the total program since FY70 completed and 35 
percent being planned for FY84 and FY85. 


Two major thrust areas, “Improved Metal Removal Rates" and “Improve- 
ment of Current Process Technology,” account for 69 percent of the total 
metal removal program. These major thrust areas include both traditional 
and non-traditional machining processes applied to a wide variety of 
manufacturing operations employed in the production of Army materiel, and 
a wide range of projects designed to improve the overall efficiency of 
various manufacturing operations. 


The third largest metal removal thrust area is "Computer Integrated 
Manufacturing Systems." Projects included in this area which were 
reviewed by the Metal Removal Working Group are those computer related 
projects which contain elements of an integrated or flexible manufactur- 
ing system and emphasize the development or improvement of machining 
operations related to a specific end item category. As can be seen from 
Figure 3, this thrust area has grown significantly since FY70 and now 


‘Syauv LISNYHL TWAOWSY IWLAW “L adNdls 


NOILVOTVAA AZDVOAINVI ON 
VLIvd dInld INILIAD 


SNOILVOIAIDNAdS ADNVNNOAAAd 
TOOL ZNIHOVA ONIHSITAVLSE 


VIVd ALITIGYNIHOVR 


SOILOGOU 


(SHI) WaLSAS 
NTYNLOVANNWN GALVYDAINI 


(snd) WALSAS 
ONTENLOVAONWN A Td1 Xa 1a 


ONINIHOVWN TVD INAHDOUIOA TY 
IVAONda HOVOUE SNITALTY Tvad 
ON Taandsd 

SOLLSONSVIG 

TOUINOD AALLAIVa¥ 


ONITITEG Wsvi 


NIGNIYD WaOd-HSNY Caad dawzdD 


ONINIHOVH GaLSISSV TYWaaHL 


ONINIHOVH GaALSISSV ATTIVOINOSVSLIN 


ONINIHOVA NOISIOAad 


ONINIHOVA da'IOOL 


—-IL1NOW/ATONIdS-ILION daLVAOLOYV 


ONITIOOL YOLOAra dIHoO 
SNINIHOVR diadS HOIK 


TWAONAY TVLAW AAISVAEV 


seoly 


SaaNdADOUNd ONINIBOVW GAAOUdNI 


SWHALSAS 


———————-— Ladd SN INIBOVR 


-— 


40 NOLLVROLOV 


SWALSAS 


ONTANLOVAONVA GALVHDAINI WaLNdWOoo 


INITOOL daAOUdNI 


ADO'TON HOAL 
ssa20ud INAWIND 
40 INIRAAOUdRI 


SaLVa TVAONAY TWLAN THAOUdNT 


ysnuypT jeAowsyY 1239 


ViIVd 
TVOINHOAL 
ON IN THOWN 


SWALSAS 
ON IN THOVWR 


SNOILVaadO 
ON IN THOVR 


100 


DOLLARS (MILLIONS) 


PERCENT 


OVERVIEW 


TOTAL ARMY AND METAL REMOVAL 
MMT PROGRAM 


TOTAL ARMY MMT FUNDING 


70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 
FISCAL YEAR 


TOTAL METAL REMOVAL MMT FUNDING 


70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 
FISCAL YEAR 


METAL REMOVAL AS A PERCENT 
OF TOTAL ARMY FUNDING 


> <i. at 


70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 
FISCAL YEAR 


FIGURE 2. OVERVIEW OF TOTAL ARMY AND METAL REMOVAL MMT PROGRAM. 
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comprises approximately one-sixth of the total active or planned metal 
removal program. 


“Improved Machining Procedures” is the fourth largest metal removal 
thrust area. It includes projects for the development of data related to 
machining feeds and speeds, cutting fluids, NC programming languages, 
tolerances and surface finishes, and machine tool performance specifica- 
tions. As can be seen from Figure 3, the amount of dollars programmed 
for this thrust area has been decreasing at a fairly consistent rate. 


“Improved Tooling” and “Automation of Machine Support Systems” are 
the two smallest metal removal thrust areas and together account for only 
seven percent of the total metal removal program since 1970. While this 
percentage is low, it should be noted that it has increased by two 
percentage points since the 1982 MRWG Annual Report and that both 
categories are trending upward. 
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RECOMMENDATIONS 


In the development of recommendations for future work which should be 
pursued in the Army's Metal Removal MMI Program, the membership felt that 
the MMT program should continue to support efforts for the development of 
machining data in order to identify and document optimum combinations of 
tool material, tool geometry, and feeds and speeds, with particular at- 
tention to 0.D. turning, I.D. turning, drilling and milling operations. 
In this general regard, the membership felt the Army should establish and 
maintain a strong program for continuing evaluation of new tooling mate- 
rials and geometries for their potential application to high speed 
machining. 


Recommendations for other technologies which should be supported by 
the MMT program are listed below: 


* Develop a high speed spindle. 


* Refine the capability for controlled tap breakage in sequential 


machining operations. 


* Develop and apply in-process inspection systems to control the 


machine tool. 


* Develop the capability to variably control feeds and speeds in 
order to obtain pre-established metal removal rates. 


* Develop and apply an in-process gaging capability. 


* Develop and apply a system for acoustic monitoring of tooling 
condition. 


* Investigate single point diamond turning for fire control 
components manufacturing. 
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APPENDIX C 


SUMMARY OF DISCUSSIONS 


DARCUM METAL REMOVAL WORKING GROUP MEETING 


6 - 8 DECEMBER 1985 


SUMMARY OF DISCUSSION TOPICS FOR 
METAL REMOVAL WORKING GROUP MEETING 


1. Seventeen FY84 late start and FY85 new start projects were reviewed 
by the membership. Highlights of the discussions are as follows: 


o Mr. Gary Conlon, Watervliet Arsenal, stated MMT project 6XX 8546, 
"Machinery Conditions Surveillance System" is a high priority project. 
Mr. Dave Pyrce, TACOM, was interested in keeping abreast of the status of 
this project. Mr. Conlon indicated the work will be performed in-house 
and that Mr. William Sullivan will be the point of contact. 


o Mr. Conlon stated MMT project 6XX 8544, “Wire EDM Machining of 
Rifling Broaches”" was in the overprogram status for FY85. Mr. Jim 
Donadio, ARDC, stated he had attempted to use wire EDM to replace 
broaching in rifling operations but had experienced difficulty in 
obtaining sharp corners and was, therefore, thinking of using ECM 
instead. Mr. Harry Hill, HDL, stated they have done a lot of EDM work 
through Garret and that they are successfully machining fluidic surfaces 
with wire EDM. 


o Mr. David Pyrce, TACOM, stated MMT project 4XX 4016, “Automated 
Thermal Cutting of Armor Plate” would probably not be funded. The 
results of an existing TACOM project, MMT 4XX 6057-04, “Thermal Cutting 
of Tracked Combat Vehicle Parts” look good. Breadboard equipment has 
been developed by Southwest Research and Esop-Heath is presently working 
on prototype equipment. 


o Mr. Ray Kirschbaum briefly discussed RIA MMT project 6XX 8/02, 
"Robot Application in Batch Manufacturing” and indicated Mr. John Wilkins 
was the point of contact. Mr. Tom Shaw, MICOM, stated they are in the 
process of establishing a Robotics Applications Laboratory. Equipment 
installation will begin in 1984 and continue into 1985. 


o DESCOM MMT project GXX 2004, "Prototype Robot Augmented 
Computerized Laser Graphics Engraving" was questioned by the membership 
as being potentially a duplication of WVA MMT project 6XX 8426, 
“Application of Lasers to Cannon Manufacture." 


o Mr. David Pyrce stated TACOM MMT project 4XX 4013, “Improved 
Machining Processes for TCV Components” will be withdrawn. The work 
intended for this project will be accomplished by a small rider to 
existing TACOM MMT project 4XX 5090, “Improved and Cost Effective 
Machining Technology.” 


o Mr. Gary Conlon stated WVA MMT project 6XX 8559, “CIM for Cannon 
CAD/CAM Communication" is their highest priority project for FY85 and 
that WVA MMT projects 6XX 8550, “Balanced Tool Machining” and 6XX 8542, 
“Diamond Application to Cannon Manufacture” are very low priority 
projects. 


2. Three MMT projects submitted for FY85 were identified as being in 


support of recommendations developed at the 1982 Annual MRWG Meeting. 
They are as follows: 


685 8542 Diamond Application in Cannon Manufacture 
685 8550 Balanced Tool Machining 
685 8702 Robot Application in Batch Manufacturing 


3. Thirteen metal removal related projected completed in FY83 were 
reviewed by the membership. Several of these projects have produced 
favorable results and were judged to be good candidates for the agenda of 
a Metal Removal Conference that may be sponsored by the Metals 
Subcommittee of MTAG. These projects are as follows: 


680 7925 Bore Evacuator Boring 

480 5082 FMS Pilot Line for TCV Components 

481 5090 Improved and Cost Effective Machining Technology (Phase 
Il) 

482 5090 Improved and Cost Effective Machining Technology (Phase 
10 i 


Members associated with these projects have agreed to solicit papers 
and presenters in the event these projects are included on the agenda of 
a future Metal Removal Conference. 


4. Discussions related to 1983 MRWG activities and plans for 1984 are 
Summarized on pages 3 and 4 of this Annual Report. Recommendations for 
future metal removal work are noted on page ll. 


5. The last topic discussed was Lawrence Livermore National Laboratory's 
proposal for a CNC machine tool tester. Both Watervliet Arsenal and 
TACOM have existing MMT projects in this general area. Mr. Gary Conlon 
and Mr. David Pyrce indicated the technical direction of their projects 
are well established. The general consensus of the membership was that a 
meeting with Lawrence Livermore National Laboratory and others from 
industry who are working in the general area of machine tool diagnostics 
was unnecessary. 
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SUMMARY OF FINAL REVIEW FOR 
ADVANCED MACHINING RESEARCH PROGRAM 


Complete documentation for the Advanced Machining Research Program 
will be available in a multi-volume report which will be distributed in 
1984. Alli attendees at the final review will receive a copy of that 
report. Highlights of the material presented are as follows: 

o Experimental documentation of chip morphology has been. achieved. 


o It was confirmed that cutting forces decrease as speed increases 
to a minimum characteristic for a given material. 


o Computer modeling of the high speed machining process was 
accomplished. 


o A constitutive equation describing material properties at high 
Stress and strain rates was developed. 


o A ledge tool was developed for use in turning, face milling, and 
end milling. 


o A stifter tooling support system was developed for the rotary 
tool, and application was demonstrated in difficult to machine materials. 


o Continuous wave CO? laser assisted machining was demonstrated. 


o A significant increase in the transfer of power to the workpiece 
is required in order to approach economic feasibility for CQ? lasers. 


o Laser assisted machining using pulsed lasers appears to have 
promise for Inconel 718 and Ti6AL4V. 


o Economic modeling evaluation criteria was established. 


o Economic feasibility for high speed machining of aluminum was 
established. 


o Economic limitations for laser assisted machining using continuous 
wave COQ? lasers were established. 
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SUMMARY OF END-OF-CONTRACT DEBRIEFING FOR 
AIR FORCE MMT PROJECT, “PRODUCTION 
MACHINABILITY DATA AND DATA BASE PROGRAM" 


The objective of this MMT project was to develop expanded data, 
analysis techniques, and a computer data base structure for production 
machinability data. Tasks associated with this project included the 
following: 

o Develop cutter breakage force limitations for end mills. 

o Develop data for cornering, slotting, and ramping cuts. 

o Design and build a data base structure for end milling. 


o Validate data in a production environment. 


o Develop data for cutting forces, horsepower, and surface finish 
for Ti6AL4V, 4340 steel, and 7075 aluminun. 


o Redesign and build a data base structure to include other common 
machining operations. 


o Build a data structure incorporating the ICAM Data Base Management 
System. 


Study variables included workpiece material, end mill cutters, size 
of cut, and feed rate. Tests were conducted on a No. 5 Cincinnatti 
milling machine. 

The previous approach to machinability data was to store empirical 
data. Such an approach is limited to existing data and requires 
experienced personnel. This project developed a dynamic system that has 
the ability to accept and “learn” from production data. 


Features of the system developed are as follows: 


o It is a comprehensive structure that provides for both descriptive 
and performance related data. 


o It allows for flexible search capability. 


o It allows for the attachment of FORTRAN machining analysis 
routines. 


o It uses the FORTRAN ICAM Data Base Structure. 
o It is adaptable to various specific environments. 


o It uniquely describes a machining situation. 


It is Metcut's opinion that this system provides a basic structure 


which is capable of incorporating artificial intelligence schemes which 
will be forthcoming in the future. 


Additional information concerning this project may be obtained from 


Mr. Ed Schopler, Air Force Wright Aeronautical Laboratories, AV 
785-24 13/3612. 
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SUMMARY OF KENNAMETAL'S STANDARDIZATION 
PROGRAM PRESENTATION 


During the last ten years, many advances and improvements have been 
made in the area of cutting tools which have offered the metal removal 
industry significant methods to increasSe productivity. While this decade 
has produced many new tooling products, it has also led to tool confusion 
and tool misapplication. 


As the demand for production increased in the shop, only severe 
problem areas received adequate attention. Existing tooling has become 
Obsolete and there has been little time to properly evaluate new tooling 
advances. The result has been loss of tooling capabilities and reduced 
profit dollars. 


Kennametal has developed a solution to the above problem which 
attempts to achieve maximum tooling capabilities and increase production 
efficiencies through tool standardization. This tool standardization 
program is an ongoing tool management program designed to produce more 


optimum tooling decisions. Benefits of the program are described as 
follows: 


o It setsup an identification system known as ANSI (American 
National Standards Institute). This identification system is common to 
all tool suppliers. 


o It initiates an update of process sheets and standard rates. 


o It maximizes feeds and speeds for the cutting conditions and the 
horsepower available with each machine tool. 


o It reduces the number of brazed tools used and stocked. 

o It reduces inventories by grouping similar items. 

o It reduces the number of inserts, holders, and cutters stocked. 
o It permits volume buying and reduces prices. 


o It increases insert life through the elimination of inadequate 
holders. 


o It provides technical in-plant training programs for engineers and 
Operators. 


o It reduces the number of special inserts and holders stocked by 
applying standards and utilizing NC machine capabilities. 


o It replaces expensive drills and core drills with the use of 
drills designed to utilize carbide inserts. 


o It increases productivity through proper machine selection and 
utilization on given product lines. 


o It reduces inventories. 
o It reduces setup time and tool change time. 


o It evaluates and recommends maximum and minimum inventory levels 
and buying quantities. 


o It creates an atmosphere of efficiency. 
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